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RADAR BRIDGE PATTERNS EXTRACTION AND RECOGNITION
INTRODUCTION

The objective of this study 1is to devise a feature extractor for
extracting various bridge patterns from radar imagery. This extractor can
be used in conjunction with other feature extractors developed earlier,
for example, the feature extractor using Walsh transforms for recognizing
road intersections, line roads, and rectangular objects1 and the feature
extractor employing image statistics for classifying a set of imagery such
as city, water, field and forest.

The technique presented makes use of a combination of the Hough transform,
the Sobel edge operator, image thresholding methods, and decision logics
to detect and recognize bridge candidate patterns that are, in general,
characterized by a pair of long lines that are relatively close to each
other,

The hardware system consists of a 32-element by 32-element solid-state
array to convert the bridge patterns into electronic signals, a
minicomputer to process the electronic signals from the array using a
controlled software, and a computer-controlled, two-dimensional stage as
the image holder. The majority of the bridge detection and recognition
routines have been implemented as software for the hardware system
described.

The description of the system operation is followed by an explanation of
the strategies of bridge detection and recognition and bridge orientation
angle determination. The system test results are discussed and
conclusions presented.

SYSTEM DESCRIPTION
The block diagram of the system is shown in figure 1, A 9~ by 9-inch

glass plate mounted with various 2- by 2-inch cut radar imagery is
11luminated by a 1light source, and a section of the image containing a

lP.F. Chen, F.W. Rohde, and W.W. Seemuller, Classification of Cartographic
Features Through Walsh Transforms, U.S. Army Fngineer Topographic
Laboratories, Fort Belvoir, Va., ETL-0290, April 1982, AD-116 731,

2P.F. Chen, Preliminary Radar Feature Extraction and Recognition Using
Texture Measurement, U.S. Army Engineer Topographic Laboratories, Fort

Belvoir, Va., Research note in progress,
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bridge pattern is projected onto the surface of a Reticon 32-element by
32-element solid-state array through an imaging lens. The array converts
the optical energy of the bridge pattern into a video signal. The video
signal is quantized into 10 bits of digital signals and sent to the
Hewlett-Packard 2117F minicomputer for processing. The computer first
takes in a frame of 32 by 32 pixels of the digitized signal. Each pixel
is sequentially compared to an automatically set threshold value. It is
set to a "1" if it is greater than the threshold value and to a "O"
otherwise.

wite TMAGERY _| IMAGING | SENSOR _ | INTERFACE HINI
LIGHT HELD BY LENS ARRAY ELECTRONICY ™~ ] COMPUTER
SOURCE STAGE
X Y
3 3
STAGE X-y LINE
ORIVERS DISPLAY PRINTER

FIGURE 1. System Block Diagram.

The edges of the signal after thresholding are enhanced using the Sobel
edge operator. The Hough transform of the edge-~enhanced signal is then
computed. The transformed matrix has a dimension of 64 by 32 and displays
unique characteristics of a bridge. A recognition routine follows to
screen out this unique characteristic and classifies the image as a bridge
with 1its orientation angle against the X-axis of the measurement window
(or the solid-state array). In case the unique characteristic is missing,
the image 1is identified as "not a bridge." The recognition result is
indicated on the CRT console. At the end of classification, the computer
sends a signal to the translational stage controllers to move the stages
in the predetermined x and y positions, and a new section of image is
projected onto the surface of the solid-state array. The procedure
described repeats until all preselected images are classified.
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BRIDGE DETECTION AND RECOGNITION

As mentioned earlier, a candidate bridge pattern, in general, consists of
a pair of long lines that are relatively close together. Thus, each
possible bridge pattern is subjected to a set of tests that determine the
pattern to be classified as either "a bridge" or "not a bridge."

The process involves at least the following four steps:

1. Preprocessing and thresholding to eliminate or reduce background
and unwanted noise.

2. Edge detection to produce a pair of long, parallel lines.

3. Transformation of the long, parallel lines into a representation
more easily identified by the computer.

4, Test to determine pattern as "a bridge" or "not a bridge."

To eliminate or reduce the background and unwanted noise, the incoming
pixels were compared to an automatically set threshold value. The pixels
that were greater than the threshold value were set equal to "1" and those
that were less than or equal to the threshold value were set equal to
"0." The threshold value was set equal to a half of the maximum pixel
value within a given frame of pixels, With this method the unwanted
background noise was eliminated in most of the cases.

The edge enhancement was accomplished by using a Sobel operatgr to produce
a pair of long, parallel edge lines of the bridge pattern. The Sobel
operator, according to our past experience, has proved to be the best for
generating clear and faithful image edges.

Detection of the pair of 1long, parallel 1lines produced by the Sobel
operation in the spatial domain was relatively complicated. Therefore,
the lines were transformed into the ¢ and © domain using the Hough
transform. The Hough transform maps a line in Cartesian coordinate space
(x and y spatial domain) into a point 1in polar coordinate space
(pand ©). A family of lines with different slopes, passing througha
common point in the x~y domain, transforms into a connected set of p-©
points. For our case, each edge point produced by the Sobel operator in

3W.K. Pratt, Digital Image Processing, New York: John Wiley and sons,
Inc., 1978.

Aw.K. Pratt, Digital Image Processing, New York: John Wiley & Sons, Inc.,
1978.
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the x-y domain was transformed to a curve in the ¢-9 domain, which was
quantized into cells. If an element of a curve fell in a cell, that
particular cell was increased by one count. After all edge points were
transformed, the p-0 cells were examined. Large cell counts correspond
to colinear edge points that mgy be fitted by a straight line with the
appropriate (p,9) parameters. The size of the transform matrix was
selected to be 64 by 32 to yield enough resolution for determining the
orientation of bridge patterns. The maximum available matrix size of the
Hough transfdorm 1s directly related to the size of the measurement window
(input sampling array).

To determine the orientation angle of the bridge patterns against the X-
axis of the measurement window, the 10 largest numbers were sorted in a
decreasing magnitude order together with their indices (the 1I’s and J’'s
specifying the 1location of the transform element holding the sorted
numbers) from the transform matrix. These 10 numbers were compared to a
second threshold value, "ITT,” which was automatically set equal to 0N.75
of the maximum element value of the Hough transform. Only the numbers
greater than "ITT" were screened and saved from recognition and detection
of bridge patterns and their orientation angles.

The determination of the bridge orlentation is as follows:

(a) First, the row number, J, of the largest screened number 1is
found. If there is at least one other screened number in the same row, or
in other words, having the same J, then that J is used for the computation
of the bridge orientation angle.

(b) 1If the condition (a) is not met, then look for a new row with two
or more screened numbers. Use that row number, J, for the computation of
the bridge orientation angle.

(c¢c) If neither condition (a) nor condition (b) is present then just
use the row number, J, in which the maximum screened number resides for
the computation of the bridge orientation angle.

5W.K. Pratt, Digital Image Processing, New York: John Wiley & Sons, 1Inc.,
1978.




(d) The formulas for the computation of bridge angle, Rl, are
Ry = 22.5 (32-J) degrees; if 20 < J < 32 (1
R, = 180 - 2.5 J degrees; if 1 < J < 20 (2)

The test for deciding whether a pattern belongs to the category of a
bridge 1s as follows: Since a bridge pattern always displays some width
in its appearance in radar imagery, each pixel, after first thresholding
in the measurement window, is tested for coexistence with its neighbors.
As indicated before, the measurement window after first thresholding
contains pixels of only two values, either a "1" or a "0". Thus, if a
pixel itself is a "1" and its left-hand neighbor is also a "1", a row
count will be made. Similarly, if a pixel 1s a "1" and the pixel just
below it is also a "1", then a column count will be made. The row and
column counts are examined after the tests are made for all pixels in the
measurement window. A flag is set if any one of these two counts is
greater than eight, This flag 18 designated as '"ANS." This flag,
together with the existence of one of the first three conditions stated in
the previous paragraph, constitutes the absolute requirement for
recognizing and detecting bridge patterns and their orientation angles.

SYSTEM TEST RESULTS

A set of high quality, scale of 1 to 100,000, X-band synthetic aperture
radar 1imagery from the Hudson River, New York State, area consisting of
bridge images (transportation DIMS category number 503, FIC 260) was used
for this experimentation.-

Figures 2(a) to 9(a) show the line printer output of bridge patterns with
different orientation angles. Each pattern is printed in 16 gray shades
by line printing. Figures 2(b) through 9(b) show the recognition results
of bridges at various orientation angles. The Hough traneform for these
bridge patterns is illustrated in figures 2(c) to 9(c). It 1s seen that
each bridge pattern was recognized properly and its orientation angle
identified correctly. Figures 10(a), 10(b), and 10(c) demonstrate the
input 1image, the recognition result, and the Hough transform when the
measurement window sampled an entirely black area. As expected, the

system recognized this image as "not a bridge." The resolution of the
bridge detection with present system setup 1s approximately 22.5
degrees. This resolution can be iIncreased by using a larger size

measurement window. Figures 11 and 12 1illustrate the bridge-~recognition
results for the case of using 64~ by 64~ pixels measurement window. As
expected, the bridge-detection resolution was increased to approximately
10 degrees.




It was discovered that the bridge orientation angle determination was less
accurate for bridge patterns oriented at 45 degrees and 135 degrees than
for other orientations. This 1is due to the quantization error of the
small-size measurement window (32 by 32 pixels for our case) that distorts
the straight bridge-edge lines into looking like staircase patterns at 45
degrees and 135 degrees, especially when the patterns shift their position
from one corner of the measurement window to the other. This error can be
reduced if the size of the measurement window 1s enlarged at the cost of
increased processing time. The software 1listing for this study is
included as an appendix.

CONCLUSIONS

1. The Hough transform, together with the Sobel edge operator, image-
thresholding methods, and decision logics, provides an effective means for
detecting and recognizing various bridge patterns and their orientation
angles from a set of radar imagery of the Hudson River, New York State,
area,

2. The entire set of the selected radar bridge image patterns was
recognized correctly with this scheme even if the bridges were not
centered in the measurement window.

3. The resolution of bridge orientation angle determination with a 32- by
32-pixels measurement window 18 approximately 22.5 degrees. The
resolution can be increased by enlarging the measurement window size as
demonstrated in the report.

4, The quantization error of the measurement window can also be reduced
by using a larger window size at the cost of increasing the processing
time,
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(a) Pictorial Print of Processed Input Image.

IROW = 30
IcoL = 3
ANS = 1
ITT - 22.
J = 32
Rl = 0.

Bridge Detected at 0.0 Degrees with X-Axis.

FIGURE 2. (b) Recognition Result of Bridge Pattern at 0 Degree.
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(a) Pictorial Print of Processed Input Image.
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ICOL = 7
ANS = ]
ITT - 22.
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Bridge Detected at 22.5 Degrees with X-Axis.

FIGURE 3. (b) Recognition Result of Bridge Pattern at 22.5 Degrees.
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(c) Hough Transform of Bridge Pattern at 22.5 Degrees.

FIGURE 3.

At Sl 4

13

e




PRARCRRRRRRLRRPRRAPAFRPRLPRPARRRARPRRRRRLRNRPLRRRPRRRRRRE
COPRLPRLRPRAPPLPRPRPRPPPRPRPARPRPRPRIRPPRFRRPPRRRPRRER @@
CRRRPRPRRRRARRRRERPEPREPRPPRRPRRLPRPLRRIRRRRPRRRR® re
CPPELPEPRPRLRPRRPRRPPRPRLPLRRPRRRRRARRRPPRPRRPR R erEe
COPRRRPLRPRLRARPRRLRRIVRRRPPRRRRRPRRPFPRRRRVIRER eepe
PPPEPRPPLPRPPEPRLRLRERRFRPAPRPRRRErPFRPRRRRRARPER eeeee
PRPRPERPLRELPPRERPERPLRPRRRPRPRRRPRRERRERRE PrepreRee
CPEPPAPRPRRPRRPPRCRREPAPAREFRPPrPPPERPER ereerRreER
PPPPRPRRPRPRFNRRRLPRrERRRLRRRRREPRPRRRAR PreerrrREr@
CREPLPAPARRFPPPRRPPRRPINRAPARRRIRRRRPER PeperRArPRPRRR
PRPRRAREPRLPPPRRRRLECRERRRPRRRRRRRERE PreeprererrPeRe
PRPPERPPPPEPRPRLAGPREREPRPRIRPERRPR RerReRREPAPARER
QPPPLAPRIRARPRRIRRPECERARPRrRRRERR JEeErRerePrRrREEREe
CREPELPRPRAPPERRPRPREPFRERRPPRR ReprerrerPrRRRPRERRR
PePrerEfrReLRRRARPRARRRRRPRPRER® rPepePreeererrReRrrRRR
POPePPREPLRPrPPRRPPRRRERPRRERE epeeeerrePRRPRERRRERER
ePerrPrRPeePrErPRREeRRARPRRR PRERERERAFREEPAFRANPERAR
PRPReRRERPERrrFRRRARPIRPRE PRPPFAEPRAREFRARRRPPRPRERPRER
PPeRPRPRAReARPRPRIRRRPRR PerreErePrreRRRrRRPRARRRRRR
eeerPrRrePRrRRRPRRREPR PeprePrePPReRRPPRRRRARRPREPRE
eeererrerrRerRRRPRRRP PPRRLArREPRPALRRERERRRERRRRAPRRER
feeePrePerPrRePRReER® fPrrerPrerrRPerrRRPPRPRRPPRERRARER
LeerrrerreRrrrRRERe eppreererrRerPRrrPRPPIPRRRRRRRARRRMEE
eerpepPrreRRRRER PRPPRLPRPRLPCLPLPPPLPPLRPPPPRPRREPRRRRERRR
eefrereeeRReee PRrPRPErPPPRRPRRrPIRARRPRARRELPREPRRARER
pPerPrPEPPRePP PPRPRPAPPPPRPPRRALPRPAPAPPRPPRAPRRPRRRPER
feerereear PRECRERPPRPAPAPEPEPRAPRPICRRARRRRARRRRRER
eereeeren PPRCRPRPLPPLPRPRPREPPRPARPRPRRRPRRIPRRALPRRRR
Peereee fePrRReEreArRRAPRLRRAPRRRRAPRAPRUPRRPRRPRALRRRRR
eeeee PPPPRPRLLRPPPRLRRLPRPPRPPPRARAPPRPREPFRAINERER
eeee PeRerRPRELPRNRPRPRRPRPELRrPRRRRPRPRPRRRAREPERRRRER
PPRP CPRPRLPCPLRPRRPEPEAPRPPLRPEIRPRPRPARRPRRRRAPRRRFRRRPRR

(a) Pictorial Print of Processed Input Image.

IROW = 14
ICOL = 12
ANS = 1
ITT - 22.
J = 30
Rl = 45.0

Bridge Detected at 45.0 Degrees with X-Axis.

FIGURE 4. (b) Recognition Result of Bridge Pattern at 45 Degrees.
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(c) Hough Transform of Bridge Pattern at 45 Degrees.

FIGURE 4.
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(a) Pictorial Print of Processed Input Image.

IROW = 15
ICOL = 30
ANS = 1
ITT - 22.
J = 29
Rl = 67.5

Bridge Detected at 67.5 Degrees with X-Axis.

FIGURE 5. (b) Recognition Result of Bridge Pattern at 67.5 Degrees.
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(c) Hough Transform of Bridge Pattern at 67.5 Degree.

FIGURE 5.
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(a) Pictorial Print of Processed Input Image.

IROW = 2
ICOL = 13
ANS = 1
ITT - 22.
J = 28
Rl = 90.0

Bridge Detected at 90.0 Degrees with X-Axis,

FIGURE 6. (b) Recognition Result of Bridge Pattern at 90 Degrees.
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(c) Bough Transform of Bridge Pattern at 90 Degrees.

FIGURE 6.
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(a) Pictorial Print of Processed Input Image.

IROW = 135
ICOL = 30
ANS = 1
ITT - 29.
J = 27
Rl = 12-5

Bridge Detected at 112,5 Degrees with X-Axis.

FIGURE 7. (b) Recognition Result of Bridge Pattern at 112.5 Degrees.
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(c) BHough Transform of Bridge Pattern at 112.5 Degrees.

FIGURE 7.
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(a) Pictorial Print of Processed Input Image.

IROW = 14
ICOL = 15
ANS = 1
ITT - 18,
J = 26
Rl = 135.0
Bridge Detected at 135.0 Degrees with X-Axis.

FIGURE 8. (b) Recognition Result of Bridge Pattern at 135 Degrees.
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(c) Hough Transform of Bridge Pattern at 135 Degrees.
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(a) Pictorial Print of Processed Input Image.

IROW = 29
ICOL = 14
ANS = l
ITT - 14,
J = 25
Rl = 157.5
Bridge Detected at 157.5 Degrees with X-Axis.

FIGURE 9. (b) Recognition Result of Bridge Pattern at 157.5 Degrees.
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(c) Hough Transform of Bridge Pattern at 157.5 Degrees.
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(a) Pictorial Print of Processed Input Image.

IROW = 0
ICOL = 0
ANS = 0
ITT - 47,
J = 25
Rl = 157.5

"not a bridge."

FIGURE 10. (b) Recognition Result of an Entirely Black Area.
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FIGURE 10. (c) Hough Transform of an Entirely Black Area.
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ARDS 1=00004 IS ON CKRU0009? USING 00071 BLKS R=0000

0001 FINA.L

00072 CRERRXRRABERRLAXEPROGRAM “RDS" REV 05/44/7828528 888082 X8 X8R R8R
0003 THIS PRUGRAM RECUGNIZES A BRIDGE UVER WATER USING THE HUUGH
0004 TRANSFURM WHICH CUNVERTS A LINE INTO A POINT. THE EDGES ARE
noes DEIECIED USING A SOBEL OPERATION (SUBPROUTINE "SOBEL "),

0006 MUDIFIED TO RUN IN THE RTE OP. 8Y§6.

0007

0008

0009

0040

00114 PRUGRAM RDS

0012 CUMMON IXPOS.IYPUS, IRUN, IMAGE, IAS

oni3 COMMON LEXLU

0044 DIMENSION JA3(1026)

0015 EQUIVALENCE (1AL ,IA3(3))

0046 DIMENSION JA1(1024) ,1A2(1024)

0017 DIMENSION IEDGE(1024),IDCR(144),IXRUF(A9),IYBUF (49)

0018 DIMENSION IXFRM(64,32),1A(64,32) ,MAX(11) , THAX(L L)

0019 DIMENSION JMAX(11)

0020 DIMENSION IDARK(S12),INPUT(43) ,LARIN(10) ,LARPT(10) ,LAREG(10)
0024 DIMENSION NAME(3),LARHU(10) ,LABAC10)

0022 DIMENSIUN IWRD(7),IWR2(7)

0023 DATA INPUT/2HIS ,2HIN,2HPS ,2HP 1 ,2HJP ,2HTR ,2HSR ,2HI1 ,2HFV ,2HTH ,2HFD,
0024 12HOR , 2HLU, 2HXY , 2HRS , 2HNI , 2HDK , 2HNA , 2HIM , 2HRU, 2HRA , 2HR [, 2HGR , 2HPA,
002s 22HGL , 2HMA , 2HMN , 2HTF , 2HST , 2HHG , 2HHS , 2HAP , 2HSP , 2HUE , 2HPE , 2HHU , 2HPH,
0026 32HTT,2HPD , 2HTS , 2HLX , 2HF A, 2HF A/

0027 DATA LAPIN/2HIN,2HPU ,2HT ,7%2H /

0028 DATA LABP1/2HIN,2HPU,2HT ,2HEC,2HAL ,2HED ,A%2H /

0029 DATA IYES/2HYE/

0030 DATA LAREG/2HED,2HGE ,022H 7/

0031 C

0032 SET VARIABLES TO DELAULY VALUES

0033 C

0034 Ic=0

003% CALL RHPARC(IAYL)

0036 JF (IAL.EQ.0)IAL=4

0037 Li=IA4

0038 LUor=Ly

0039 CALL LUNT(7SP,LUWAT,I)

0040 17T1=0

0044 WRITE(LY,2)

0042 FORMAT("STEP FILE NAME?")

0043 READ (LU, 30)NAME

onas CALL OPENCIDCR,I,NAME)

0045 CALL FERUR(I,4,LD)

0046 IF (7.LT.0)60 10 3

0047 CALL READF (IDCR,IERR, IXBUF , 49, 1MACGS)

0048 CALL READF(IDCR,IERR,IYBUF,49,IMAGS)

0049 CALL CLUSECIDCR)

anso IMAGS=IMACS+4

9051 WRITE(LU.1)IMAGS

0052 FURMAT("NO., OF IMAGES=",12)

9053 NAV=S

00S4 IXPOS=0

0055 1YPUS=0

0056 IMAGE=1{

9957 JRUN=0

0058 NGRAY=16
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0103
0104
0105

0106
0107

oi08
0109
0140
0f14

0142
0113
0114
014S
0iie
0117
LARE:}

e R s Ry R e Ry Ry Ee N e N N R E e N N e R e R Er Ny R Er R e Rr Ry N o i 2

N =
S

Gl
@«

I158=1
[DIR=1
I0R=2

11

Ml

H=0

N=0

NCHRS=72

10

IM=32

IA3(1)=HAX

1)

J(2)=MIN

TB=-§

IN

RS--RESET 10 FIRST IMACE
NA-—INPUT NUMBER OF FRAMES AVERAGED

FORMAT("?727")
READ(LU,30) ICHND
FORMAT (3A2)

IF
IF
IF
IF
IF
IF
IF
IF
IF
1F
IF
IF
1F
IF

PUT COMMAND LOOP

DK-—INPUT ARRAY DARK LEVELS
LU--INPUT LIST LU

IN--INPUT ARRAY DATA .
IT--INPUT THREGHUL.D CONSTANT FOR INPUT IMAGE '
PI--PRINT THE INPUT ARRAY 4
TR--TERMINATE PROGRAM 4
TH--THRESHOLD FOR RACKGROUND

SP--SUBEL UPERATION

DE--OUTPUT REBULT OF SOREL OPERATION

HU--HOUGH TRANSFORM

PH--QUTPUT HOUGH TRANSFURM MATRIX

TT--THRESHOLD VALUE FOR DETECTING AN EDGE

ED--BRIDGE DETECTION

TS--INPUT THRESHOLD VALUE BEFORE SOBREL OPERATION
LX--DISPLAY RESULT OF PRIDGE DETECTION ROUTINE ON LEXIDATA
PE--DISPLAY HARD COPY UF INPUT IMAGE

XY--SLEW 10 AN IMAGE

IS--INPUT STAGE STEPS FOR NEXT IMAGE

OR--INPUT ORIENTATION VALUE

NI--SLEW TO NEXT IMAGE IN SEQUENCE
IN--8SLEW TO SELECTED IMAGE

RU--AUTOMATIC RUN THROUGH IMAGES I
RA—-RUN AGAIN STARYING AT STATEMENT 3
RI--REMOVE BELECTED IMAGE q

ITE(LV,20)

C(ICMND . EQ. INPUT(1))GO TO {00
C(ICMND.EQ. INPUT(2))G0 TO 200
(ICMND .EQ. INPUT(B)IREAD(LY %) 14
(ICMND.EQ. INPUT(4))GO TO 300
C(ICHND .EQ. INPUT(10) )READ(LU,2)ITH
CICHND . EQ. INPUIT(21))G0 TO 6000
(ICHND .EQ. INPUT(20))GO TO 1300
(ICMND.EQ. INPUT(15))CALL RESET
CICHND .EQ. INPUT(16))G0 TO 1000
CICHND .EQ. INPUT(18) )READ(LU, X)NAV
CICHND .EQ. INPUT(19))GVU TO 1200
CICHND.EQ. INPUT(24))C0 TO 2100
(ICHND .EQ. INPUT(22))G0 TO 2300
CICHND . EQ. INPUT(17))GO TO 1100
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0119
0120
0121
0122
0423
0124
012S
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0130
0139
0140
0144
0442
0143
0144
014S
0146
0147
01486
0149
0150
0151
0452
0153
0154
0155
0156
0157
0158
9159
0160
0161
0162
0163
0164
0165
0166
0167
0168
0169
0170
0174
ni72
0173
0174
0175
0176
0177
a17n

3

aOmfnoan

100
104

0N

120

107
102

103

109

105

-0

1F (ICHND.EQ.INPUT(13))G0 TO S00

IF (ICMND.EQ.INPUT(6))GO TO 1400

JF (ICHND.EQ.INPUT(33)) GOTO 4000

IF C(ICHND.EQ. INPUT(3%)) GOTO 4200

IF (ICHND.EQ.INPUT(37)) GOTO 44600

IF (ICHND .EQ.INPUT(34)) GDTO 4100

1F CICMND.EQ.INPUT(36)) GOTO 4S00

IF (ICHND.EQ. INPUT(38))READ(LY,)ITT
IF CICHND.EQ.INPUT(14))GOTO 600

IF (ICHND.EQ.INPUT(40))READ(LU,$)IT2
IF C(ICMND.EQ.INPUT(41)) COTO 987

IF C(ICHND.EQ.INPUT(24)) GO TO 6800
FORMAT("L{ ")

GO 70 10

STORE STAGE STEPS FOR NEXT IMAGE OR INSERTED IMAGE

GLEW TO STARTING IMAGE, @ INPUT ARORTS
SECTION.

WRITE(LU,101)

FURMAT("START AT IMAGE #?7")

READ(LU, %)X

IFC(I.GT.IMAGS.OR.I.LT.4)GO TO 10

IRUN=2

CalL STEPSCIXBUF ,IYBUF ,IMAGE,1,IXSTP,I1YS1IP)
IXPOS=IXPOS+IXSTP

1YPOS=1YPOS+]1YSIP

IMAGE=1

CALL SBLEW(-IXSTP,-1YSTP,1)

TNPUT ADD OR INSERTIMAGE FLAG, "ICHND", AND MUVE TO
NEW IMAGE WITH KBRD CONTROL.

WRITE(LY,120)

FORMAT("ADD(1) OR INSERT(2) IMACES?")

READ(LU, %) ICHND

WRITE(LU,102)

FORMAT("MOVE STAGES WITH KBRD UNTIL DEBJIRED IMACE I8")
WRITE(LU,103)

FORMAT("DISPLAYED., ENTER 1 TO STORE NEW IMAGE POSITION®)
WRITE(LY,109)

FURMAT("ENTER 2 FOR FEATURE DETECTION")

I1XD=0

1YD=0

READ(LU, %) IXSTP ,1VSTP

IFC(IXSTP.EQ.1)G0 70 104

IFCIXSTP.EQ.2)G0 TO 200

CALL SSLEW(-IXBTP,-1YSTP,1)

IXDP=IXD+IXSTP

1YD=1YD+IYETP

G0 10 10S

CUHPUTE NEW STAGE POSITIONS RELATIVE 10 SIARTING
IMAGE AND ERANCH TO ADD INSERT SECTION,

IXPOS=1XPOS+ IXD
IYPOS=TYPOS+IYD
T CICHND . EQ.2)GH 10 #98

H
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0179
01890
0184
otae
0183
0184
018S
0486
0187
oiee
0189
0190
0494
0192
0193
0194
0195
0896
0197
0198
0199
0200
0201
0202
0203
0204
0205
0206
0207
0208
209
0210
0211

- 0212

0213
0244
0215
0216
0247
0218
0219
0220
0221
0222
0223
0224
0225
0226
0227
0228
0229
0230
02314
0232
0233
0234
023s
0236
0237
023"

aas

oz iz Ex N

-
-

113
115

-000

-
»

106

100
112

ﬂﬂﬂﬁgﬂﬁﬂﬁ
L

293
2014

oSG

ADD IMAGE SECTION: STORE NEXT IMAGE STEPS 1}

I XRUF (IMAGE ) =1IXD
IYRUF CINAGE) =1 YD
GO 10 114

INSERT IMAGE SECTIUN: INSERT NEW STEPS INTO CURRENT
IMAGE INDEX, MOVE IXRUF AND IYBUF DUWN, COMPUTE STEPS
FROM NEW IMAGE YO OLD NEXT IMAGE AND BTORE IN INDEX+4

IXSTP=1XBUF (IMAGE)-IXD
IVSTP=1IYRUF (IHAGE)-1YD

IXRUF (IMAGE ) =1XD

IYRUF (IMAGE)=1YD

1F (IMAGS-IMAGE.LT.2)G0 TO 115
DO 113 I=1,IMAGS-IMAGE-{

IXHUF (IMAGS-I+1)=IXPUF (IMAGS-1)
1YPUF (IMAGS-I+1)=IYRUF (IMAGS-1)
IXBUF (IMAGE+1)=IX8TP

1YRUF (INAGE+1)=]YBTP
IMAGS=1MAGS+1

ASK IF 10 CONTINUE AND IF NOT STORE STEP FILE
IN DESIGNATED NAME Y

IMAGE=IMAGE+4

IF(IMAGE .EQ.S0.0R.IMAGS.EQ.50)G0 10 108
WRITE(LU,106)

FORMAT("CONTINUET")

READ(LU, 30?1

1F(I.EQ.IVES)GO TO 107

IF (ICMND .EQ. 1) IMAGS=IMAGE

WRITE(LU,2)

READ(LU,30)NAME

CALL OPENCIDCPR,I,NAMF)

I¥F(1.EQ.-6)CALL CREAI(IDCP,I,NAME,1,3,0,9)
CALL WRITF(IDUR,I,IXBUF, IMAGS~1)

CALL WRITFCIDCP,I, 1YRUF,INAGS~1)

CALL CLOSE(IDCR)

CALL RESET

GO 10 10

e e wa—y

INPUT AND AVERAGE ARRAY FRAMES, SUBTRACT DARK
LEVELS, THRESHOLD AND ORIENT

CALL AVLIN(IAL ,IA2,10824,NAV, IDARK)

THE FOLLOWING BTATEMENTS FIX AN APPARENT HARDWARE ERROR PY SORTING
SUCH THAT THE FIRST ROW IN "1A4" BECOMES THE LAS1 RUW,

DO 203 1=1,1024

IA2(1)=1AL(])

DO 204 1=1,992
IN(I)=]AL(1432)

DO 202 I=993,1024
T1A1(1)=1A2(1-992)

CALL TORNTC(IAY,32,10R)

SET THRESHULD FOR JINPUT ARRAY




0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249
0250
0251
0252
02%3
0254
0255
0256
0257
02s8
0259
0260
0261
0262
0263
0264
0265
0266
0267
0268
0269
0270
0274
0272
0273
0274
027s
0276
0277
0278
0279
02A0
0201
028z
0283
0204
0265
0206
0287
0286
0289
9290
02914
0292
n2e3
0294
n29s
n2%n
0297
027

naoaan

onan

1100

iRzl N x]

1040

1200

«C
1300

C
2300
2310

CALL MATRL(IAL,ITH)

DO 220 I=1,1i024
IFCIALCI) .GE. ITH)IAL (I )=y
CONTINUE
TFCIRUN.GT.0)4000,10

PRINT INPUT IMAGE

CalL PDATE(LUOT)
CALL MTOUT(IA{.LABRIN,32,32,3,LUOT,-NCHRS)
GO 10 190

CHANGE PARAMETERS
INPUT LIST LU

READ(LU,X)LUOT

IF (LUOT.EQ.6)NCHRS=132
1F (LUOT.EQ.LUINCHRS=72
GO T0 10

INPUT AND PACK DARK LEVELS

CALL AVGINC(IAL,1A2,1024,NAV)
G010 10

sTop
SLEW TO NEXT IMAGE

IFCIFBRK(I).LY.0)GO TO 1040

IF (IMAGE .EQ. IMAGS)GO TO 1040

CALL SSLEW(-IXBUF ( IMAGE) ,—-1YBUF (IMAGE) ,1)
IXPOS=1XPUS+IXBUF ( INAGE)
1YPOS=IYPUS+IYRUF (IMAGE)

IMAGE=IMAGE+4

IFC(IRUN.ED.1)200,10

CALL RESEY

GO 70 10

SLEW TO SELECTED IMAGE

READ(LU.%)X

IFC(I.GT.IMACS.0R.I.LT7.4)CG0 TO 10

CALL STEPSCIXRUF,IYRUF,IMAGE,I,IXSTP,IVYSTP)
IXPOS=IXPUOS+IXETP

IYPOS=1IYPNS+1YSTP

IMAGE=]I

CALL SSLEW(-IXSTP ,~-JY&TP,1)

GO TO 10

CALL RESET
JRUN=
G0 10 200

WRITE(LYU,2310)

FURMAT("IMAGE & YO RE REMOVED?™)
READ(LU, )Y

IF (T GT.IMACS . OR. T.LT.1)GD TO S0

3%
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0299
0300
0301
0302
0303
0304
0305
0306
0307
0308
0389
0310
0341
0312
0343
0344
0315
0316
0347
0318
0319
8320
0321
0322
0323
0324
032s
0326
0327
0328
0329
0330
0331
0332
0333
0334
0335
0336
0337
0338
0339
0340
0344
0342
0343
0344
0345
0346
0347
0348
0349
0359
0351
0352
0353
0354
0355
9354
0347
0350

2330
2329

2350

amMmann
=
[
-

r XxixEe]

100

aoan

4200

¢
4508
4501
[

C

4600

c

600

967

~aoas

IF(I.EQ.INAGS)GOD TO 2320

CALL STEPSCIXBUF ,IYBUF ,I-1,1+41,IXD,1YD)

IXPUF (I-1)=1IXD t
JIYBUF(I-1)=1YD

DO 2330 IXD=),IMAGS-~2

IXBUF CIXD)=IXBUF ¢ IXD+1)

IYRUFCIXD)=IYBUF (IXD+1)

IMAGS=1MAGS-1

URITE(LU,2)

READ(LU, 30)NAME

CALL OPENCIDCR,IXD,NAME)

JFCIXD.EQ.~6)CALL CREAT(IDCPR, IXD,NAME,1.3,0,9)
CALL WRITF(IDCR, IXD, IXRUF, 1)

CALL WRITFCIDCB,IXD,IYBYF,I)

CALL CLUSECIDCR)

GO 10 {0

SOBEL OPERATION 1 USED TO DETECY EDGES

CALL SORELCIAL,IEDGE,32,32)

SET THRESHOLD FOR SOREL ARRAY “IEDGE"
CALL MATR2(IEDGE,.I1T2) !
IDIN=32
IFCIRUN.GT.0)4500,10 :

OUTPUT RESULT OF SOREL. OPERATION VO LINE PRINTER

CALL MTOUTC(IEDGE ,LABEG,IDIN,IDIN,3,LUOY ,NCHRS)
GOTO 190

RO

PICTORIALLY PRINT OUTPUT OF INPUT ARRAY 3

CALL LPINM(YAL,32)
GoJD 10

HOUGH TRANSFORM 1 USED TO CONVERT LINE INIO POINY

I=1
CALL HOUGH(IEDGE ,32,32,172,IXFRM.64,32)

JFCIRUN.GY.0)6000,40
PRINT HOUGH TRANSFORM MATRIX ON LINE PRINIER

CALL MIOUTCIXFRH,LABHU,64,32,3,LU0T,-NCHRS)
cOTY 10

SLEW TO AN IMAGE

READ(LY, X)) IXSIP,IYSTP
IFCIXSTP.ED.1)G0 TO 10
CALL SSLEW(-IXSTP,-IY8IP,1)
GOTO 600

1C=1C+4

IRaIR+y

PIGPLAY THE TNPUT ARRAY "7A1" ON THE LEXIDATA. THE SUBRUUTINE I8
CAQAFLE UF DISPLAYING 12 ARRAYS, (4 COLUMNS.3 ROWS). 1T DISPLAYS
TWEM SEQUENTIALLY STARTING AT TOP LEFT CORNLR AND LNDING Af THE

37 {




3
039 C HOTIOM RICHT CURNER, VYHE WORD “BRIDGE" APPEARS IF A PRIDGE OVER ‘
0360 WATER IS DETECTED. ALSO. THE ANGLE THE BRIDGE MAKES WITH THE PUB- ¢
036t C ATIVE X-AXIS I5 SHIWUN ON THE LEXIDATA.
0362 C
0363 IF (ANS.EQ.0)GOTO 10
0364 IDEG=RA
03465 CALL LXRD(IAL ,IDEG,JC,TJPR,ANB)
0366 GO 10 10
0367 C
0368 C CLASSIFICATIUN OF RRIDCES 1
4 0349 C
] 0370 6000 CALL BRDGE(JAL ANS, ICOL, IROW)
] 03714 WRITECLUOT,22%) IROW
0372 225 FOUORHAT(EX,"IRUW= *,13) ;
0373 WRITECLUOT ,226)1COL
0374 226 FORMAT(4X,"ICOL= *,I3)
0375 WRITE(LUOT ,227)ANS :
0376 227 FORMAT(IX,"ANB= ", 14)
0377 C SET THRESHOLD FOR HOUGH TRANSFORM ARRAY “IXFRM"
0378 CALL MATRICIXFRM,ITT)
0379 WRITECLUOT,A50S)ITY
0380 AS0S FORMAT(IX,“ITT= " ,F3,4,
0381 DO 6050 J=1,32
1 naiea DD 6050 I=),64
4 0383 IACT ,J)=IXFRMCI ,J)
s 0384 6050 CONTINUE
030S DU 6700 K=1,10
0386 MX=0 1
0387 THX=0
03es JHX=0
0389 DO 6600 J=4,32
0390 DY 6600 1I=1,64
0391 IFC(IACTLY) .LT.MX)GO TO 6608
0392 MX=1AC(I,T)
0393 IX=1
0394 JHX=]T
039S 6600 (CONTINUE
0396 HAX(K ) =MX
0397 THAX (K ) =IMX
03798 JMAX (K )=TMX
8399 TACIMX, JMX) =0

0400 6700 CONTINUE
0401 6900 M=0

0402 PO 6910 K=3,40
0403 TFCIMAX(K) .NE,JHAX(1))G0 TO 6910

0404 IF (MAX(K).LE.ITT)GD TO 6910

0405 MMy

0406 IF(M.LT.2)GO TO 6910
0407 JeJHAX(S)

0408 GO TO 6100

040Y 46910 CONTINUE N
0410 PO 6925 [+2,10 1
0411 M=g

8412 DO 6920 K=2,10

0413 THFCIMAXCK)  NE . JHAX(T)IGU VO 6920

0414 IF(MAXCK) LLE. ITTIGO TO 4920

[ L 2R LELES]

0A1e IF(H.LT.2)G0 TD 4920

naLy 3= IHAXC 1)

nan GO 10 4100
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¥

041?
0420
0421
0422
0423
0424
0425
0426
0427
0429
0429
0430
0439
047
0733
0434
0435
0436
0437
0438
0439
0440
04414
0442
0443
0444
0445
0446
0447
0448
0449
04590
D454
NAS?2
0453
0454
045%
0456
0457
0458
0459
0460
04614
04562
0465
0464
0465
0466
0467
04608
0449
04790
0474
0472
0473
0474
LE Y4
0474
0a77
0470

IOt o ohss Tt AP 2t - e

6920
6925

6800
6100
6150

6160

61740
6480

6190

0
30

CONTINUE
CONT INUE
J=JMAX (1)
G0 TO 6100

CAaLL MIOUT(TA ,LARA,64,32,3,LU0T,-NCHRE)
WRITE(LUDT ,6150))

TORMAT(4X  "J= ", 13)

RI=(32-7)%22.5

JECIJ.LI.20)R1=180-J%2.5

WRITE(LUOLI ,6160)RE

FORMAT ({X,"R3= " ,F%.1)

JF(ANS . EQ. 1. 0)WRITE(LUUT ,6170)RS

IF(ANS . £Q.0.0)WRITE(LVOT ,6180)

FORMAT(1X, "RRIDGE DETECTED AT * ,F5.14," DEGREES WITH X-AXIS™)
FORMAT (41X, *THIE I9 NOT A BRIDGE®)
JF(IRUN.EQ.1)GO TO 4190
IFC(IRUN.EQ.2)105.,10

CALL EXEC(S,LUWAT, 150,1)

60 TOL 000

RESET THE MAIN PROGRAM AND INITIAL VALUES

CALL RESET
G 70 3
END

IH1S IS A SURRUUTINE 10 RESET THE MAIN PROGRAM "RD" TO 178
INITIAL STAGES

SUHROUTINE RESET

COMMON IXPOS,IYPOS, IRUN, IMAGE
IMAGE=1

JRUN=D

CALL SELEW(IXPUS.IYPOS,4)
IXPOS=0

1YPOS=0

RETURN

END

SUBRUUTINE TO CALCULATE THE NUMBER UF STEPS PETWEEN
IMAGES IM1 AND IM2 FROM THE SUCCESIVE DISI1ANCES
STORED IN “IXBUF®" AND "IYBUF",

SURROUTINE STEPSCIXBUF , IVRUF, IM1,TH2,IXSTP,IYSTP)
DIMENSION IXRUF(1),IYRUF (L)

IX6GTP=0

1YSTP=0
IFC(IML . EQ. IM2)RETURN
M=1M1

N=1M2

IFCIML LY, IM2)GO TO 20
H=TH2Z2

Ne 1Mt

DO 30 I=M,N-o
IXSTP=IXRUF (1) +IXSTP
IYBTP=IYRUF (1) +1YSTP
IFCIHL.LT. THR)RETURN
IXGIP=-IX31P
IYSTIP~-{YSTP

Pt 1URN

-




0479 END

0480 C

nagt C AUTUMATIC THRESHULD FOR INPUT IMAGE. THE ARRAY IS CALLED "lat".
0402 C

0483 SURROUTINE MATREC(IAL.ITH)

0484 DIMENSIUN IA1(1024)

0465 SUM=0 .

04864 IMAX=1AL(1)

0487 DO 28 I=2,1024

0488 IFCIALC]) .GT. TMAXL) IMAXI=TAL(])
0489 28 CONTINUE

0490 ITH=.SO0XFLOAT(IMAXL)

0491 DU 38 1=1,1004

0492 IFCITH.GT.1IASCT)) TAL1(1)=0

0493 Je CUNITINUE

0494 RETURN

0495 END

0496 C

0497 C SET THRESHULD FOR SOPEL. OPERATION, USESB ARRAY "I1EDGE".
0498 C

0499 SURROUTINE MATR2(IEDGE ,IT2)

0500 DIMENSION IFDGE(1024)

0501 S5UH=0.

0502 IMAX=1EDGE (1)

0503 DO 28 1=2,1024

0504 IFCIEDGECTI) .GV, IMAX) THAX=TEDGE(1)
0509 o8 CONTINUE

0506 I12=FLOAT(IMHAX) X.SS

0507 DO 368 I=1,1024

0508 IFCIT2.GT . IEDGEC(I) ) IEDGE(]I) =0

0509 38 CONTINUE

0510 RETURN

0514 END

0S12 €

0513 C SETS THRESHOLD FOR THE HOUGH TRANSFORM. ARRAY NAME: "IXFRM",
0514 C

0545 SUBRUDUTINE MATRIC(IXFRM,ITT)

0516 DIMENSION IXFRM(64,32)

0517 THAX=IXFRM(1,1)

9510 DO 26 1I=1,64

0519 PO 28 J=4,32

0520 IFCIXFRMCI,J) .CT.IHAX) IMAX=IXFRM(I, )
05214 28 CONTINUE

0522 ITT=IMAXE . 7S

0S23 RETURN

0524 END

0525 SUBROUTINE LXRD(IAL,IDEG,IC,1IB,ANS)

0526 SERRRRRAREARENNRRERERERARRARRSRERRARARAAAAAARRRARERRREARARRARRRAR AR BRR R
0527 S8ERRRTHIS DISPLAYS A 32X32 ARRAY AND THE RESULT (¥ A RRIDGE DETECTION
0S28  XEXRRARRROUTINERESRRARRRRRARRRRERRRRRRAAAEARARERRERBARRERLARAREARARREER R
0529 AKX RRBEREREARRARARRENRRREAARERARRARRRRBERRRERRRAKRARRKKERERRA R AR R

0530 COMMON LEXLU
0531 DIMENSIUN IA1(£024),INUH(2),1WD(D)
0532 DATA IWD/2HRR , 2HID , PHGE /
0533 10NES=HUD (IDEG,10)
9534 IDEG=CIDEG-TONES) /10
. 0535 11ENS=MUD(IDEG, 10)
§ 0534 IDEG=(IDEG-TTENS) /10
- | 0537 1HIN=HODC IDEG,10) {
o 0% 3 THUMC1) 22563 CIHUN4B) 4 (TTENS+ 40) ’

4o




0539 TNUM(2)=256% (1ONES+48)
540 IR=IC-1
0541 1t.=0
0542 IR=JC-1
0543 1¥ (IC.GY. 4) TL=} y
0544 IF(IC.GT.8) IL=2
0545 1F (IR.EQ.4) IR=0
0546 IF(IR.EQ.S)IRr i
0547 TF (IR .EQ.6) IR=2 .
0548 IFCIR.EQ.7)IR=3 ;
0549 JF (IR.EQ.B) IR=0 |
0SS0 TIF(IR.EQ.9)IR=1
0554 1F(IR.EQ.10) [R=2 1
0552 IF(IR.EQ.11)IR=3 [
0553 1F (IR.EQ.12)IC=0
0554 IF(IR.EQ.12) IL=0
0555 TFCIR.EQ.$2)IR=0
0556 IFCIC.NE. 1) GUTOD 10
0557 1F (TH.NE.0) GOTO 10
0558 IF (ANS.EQ.0.0) GOTO 25
0559 ¢
0560 C INITTALIZE THE LEXIDAlA
0561 C
0562 CALL LINIT
0563 CALL DSMRG(0,0,539,639,0)
0564 CALL DSCHN(~1,-1,-1)
0565 €
0566 C JUMP TO 10 IF INITIALIZATION HAS BEEN ALREADY COMPLETED
0567 €
0568 10  CALL DSLIM(3B+60KIR,B+ILXK70,69+6U%IR,39+IL%70)
0569 CALL DSPUT(IA1,1024)
0570 CALL DSZOM(1,1,2) .
0574 CALL DSSAD(31+60XIR,45+IL%70,1000R,0,1)
0572 CALL DSTXT(6,IWD) .
0573 CALL DSSAD(AU+60%IR.S6+IL%70,1000R,0,1)
0574 CALL DSTXT(3,INUM)
0575 25 CONTINUE
0576 RETURN {
0577 END ]
0578 C
0579 € THIS SUBROUTINE DISTINGUISHES BETWEEN A BRIDGE OVER WATER AND
0580 C ANY OTHER TYPE OF GEOGRAPNY. IF A BRIDGE IS DETECTED, ANS=i IF
0SB1 C IT IS NOT, ANS=0,
0582 C
0563 SUEROUTINE BRDGE (IA1,ANS, ICOL , IROW)
0584 DIMENSION TX(32,32),1A1(32,32)
0585 N=0
0504 ANS=0
0587 Ni=0
0580 ICOL=0
0589 1ROW=0
0590 DO 10 I=4,32
0594 PO 10 J=3,32
0592 TX(I, ) =IAL(1,T)
0593 10  CONTINUE
0594 DO 20 J=3,32
0595 TX(4,T)=5 ‘
0596 TX(32,7)=5
0597 TX(J,1)=S
0598 TX(J,32)=5
!
; k
| a
LN

=
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0599
n60on
0601
0602
0603
0604
060%
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DO A0 J=2,31%

DU 30 I=2,34

IWWATXCE )4 1X(I~-4,J) . EQ.2)N=N+{
IFCTXCT, I 4IX(T, I-1) . EW.P)Nt=NS+¢
(CON') INUE
IF(N.LT.S8.AND.N.GE.2)TCOL=TCOL + ¢
TF(NL.LY.1B.AND . Nt .GE.2)IROW=TROW+{
N-0

Ni1=0

CONTINUE

IF(ICOL.GF.B)ANS=1

1F CIROW. GE, B)ANS~1

RE1URN

END
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